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To all whom it may concern: 



Be it known that 

Edward Ellis Eibling and Rulon G. Van Dyke 

have invented certain new and useful improvements in 



IMPROVED METHOD AND APPARATUS FOR PEAK-TO-AVERAGE SIGNAL 
REDUCTION FOR RADIO FREQUENCY TRANSMITTERS 



of which the following is a full, clear and exact description. 



IMPROVED METHOD AND APPARATUS FOR PEAK-TO-AVERAGE SIGNAL 
REDUCTION FOR RADIO FREQUENCY TRANSMITTERS 



FIELD OF THE INVENTION 

The present invention relates generally to radio frequency signal transmission and the 
necessary amplification of the signal prior to transmission. Specifically, the present invention 
relates to reducing the peak to average ratio of the voltage level of a signal. 

BACKGROUND OF THE INVENTION 

In Code Division Multiple Access ("CDMA") wireless communication, one carrier 
frequency bandwidth is used for many mobile stations. Mobile stations are able to distinguish 
their calls from those intended for other stations because the various channels are code spaced. In 
other words the signals are coded to be orthogonal to each other. Each mobile station attempts to 
align its receiver with their signal. Thus, only the receiver properly aligned with the unique, 
user-specific code will receive the call intended for its station. The other calls will appear as 
noise to that station. 

In order for a mobile station to detect a call intended for it, the mobile station must be 
able to distinguish the channel carrying the call from noise. This requires the transmitted signal 
power of its call to be at, or above, some power level. Traditionally, radio frequency ("RF") 
amplifiers are used in a CDMA base station to boost the radio signal so that it arrives at the 
mobile station at a power level 10 to 15 dB below the noise floor. The coding gain in the mobile 
station receiver brings the signal to a recognizable level. 
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The radio and RF amplifier of a base station must be designed with a certain amount of 
headroom above the maximum average voltage level to handle signal peaks above the maximum 
average level. More specifically, headroom is the linear amplification range defined by the top 
of the linear range of the signal, divided by the average of the full power signal expressed in dB 
units. Typically, in a base station, radios are designed with 1 1 to 13 dB of headroom and RF 
amplifiers are designed with 7 to 9 dB of headroom. 

The amount of headroom required by the radio and RF amplifier effects the cost and 
efficiency of the base station. It dictates the size of the RF amplifier which in turn impacts the 
size of the power supplies, the required cooling capacity, cabinet size and weight and noise. By 
reducing the headroom of the radio and RF amplifier the operational costs of the base station can 
be reduced proportionally. Historically, the required headroom for the radio and RF amplifier is 
constrained by controlling the peak to average ratio of the signal. Conventionally this is 
accomplished in a peak to root mean square ("rms") reducer, which can implement one of a 
variety of methods to constrain the peak signal values. 

One known method of reducing peak-to average ratios is to hard limit signal peaks. In 
other words, all peak values exceeding a specified limit are set to the value of that limit. A 
second approach is to simply eliminate the peak energy from the baseband signal whenever the 
peak exceeds the specified limit. Yet a third approach is to add an inverse sine function to lower 
the amplitude of a peak signal to a level below the constraining limit. Similar to the third 
approach, a fourth method to reduce the peak to average ratio multiplies a scaling function to all 
peak signals above the constraining limit. The scaling function is selected so as to lower the 
peak signals below the constraining limit. 

138057 2 



All of the above-mentioned methods focus on reducing the peak values while leaving the 
average signal values virtually untouched. While these methods are known and used in the art, 
those skilled in the art continue to seek new methods to further reduce the amount of headroom 
required by the radio and RF amplifier so as to improve efficiency. Furthermore, none of the 
prior art methods address the efficient use of the digital to analog converter ("DAC") that 
precedes the radio and RF amplifier. As peak signals are reduced DACs are being underutilized. 

SUMMARY OF THE INVENTION 

The present invention represents a novel approach to reducing the peak-to-average ratio. 
The entire signal is multiplied prior to digital to analog conversion and then constrained to the 
full scale of the digital to analog converter ("DAC"). As a result, the average signal receives the 
full digital amplification but the peak signals cannot exceed the full-scale range of the DACs. 
Thus the average signal is amplified disproportionately greater than the peak signals. As a result 
the ratio of the peak signal to the average signal is reduced. 

To digitally amplify the signal while constraining the peak values to the full-scale range 
of the DAC which receives x bits, the scaling factor used to digitally amplify the signal is 
approximately, (2 X -l)/peak voltage. More specifically and accounting for the fact that the AC 
signal is centered on the DAC range, the scaling factor is more precisely reduced to (2 X_I -1). This 
factor can be preset in the DAC or it may be dynamically selected with a periodic determination 
of the peak power of the signal, as further described below. 

Adding digital gain to the signal in accordance with the present invention effectively 
multiplies the average signal, while constraining the peak signals. As a result the ratio of the two 
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values is reduced. This approach to peak to average signal reduction has many advantages. 
First, further reduction in radio and RF amplifier headroom is achieved than is possible with 
prior art methods discussed above. Furthermore, by constraining the peaks using the full scale 
capabilities of the DAC, the DAC is more efficiently utilized. In addition, this method 
minimizes the quantization noise introduced by the digital to analog conversion. 

Other advantages that are realized by adding digital gain to the signal before the DAC in 
accordance with the present invention include the reduced need for analog amplification. 
Reducing analog amplification also reduces the amount of non-linearities and noise that are 
amplified with the signal. In addition, a reduction in the analog path gain can also reduce the 
out-of-band spectral growth within the radio. This extra margin can also be used to reduce the 
size and cost of the RF amplifiers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic of the digital front end of a base station RF transmitter. 
Figure 2A illustrates the resolution realized with a standard binary representation of 
signal voltage. 

Figure 2B illustrates the increased resolution realized with a binary representation of a 
signal voltage after digital gain in accordance with the present invention has been applied. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 1 the digital front end of an RF transmitter is shown. Since each transmitter 
transmits multiple calls on a single frequency band, Combiner 10 combines the I and Q components of 
all of the calls into a single signal having one I component and one Q component. Each of the 
components then travel through separate multipliers 20 and 22, respectively which, as described below, 
scale the signal to provide the digital gain. The peak/rms ratio reducers 30 and 32 reduce the peak 
values for each of the signal components to the full-scale range of DACs 60 and 65, as explained in 
more detail below. The result is that the average signal is amplified while the peaks are constrained at 
the top end of the DACs. 

In one preferred embodiment of the present invention, Combiner 10, multipliers 20 and 22 and 
Peak/rms ratio reducers 30 and 32 may be implemented in the same field programmable gate array 
(FPGA). Alternatively, the aforementioned components may be implemented in an application specific 
integrated circuit ("ASIC"). Yet another alternative implementation would incorporate the multipliers as 
part of the Peak/rms ratio reducers by including a multiply function as part of the Peak/rms ratio reducer 
algorithm. In this last alternative, the digital gain from the Controller 40 would be input to the 
multiplying Peak/rms ratio reducers. 

Controller 40 dictates the digital gain factor used by multipliers 20 and 22. Controller 40 
is preferably software implemented. In one preferred embodiment of the present invention the 
Controller 40 is implement in an upstream computer that has knowledge of the required 
equipment specific parameters. The digital gain and analog gain reduction is downloaded 
during radio initialization and whenever there is a change in the equipment specific parameters. 
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As stated above, the digital gain which Controller 40 provides multipliers 20 and 22 and 
the analog gain reduction provided to radio 70 are based on knowledge of the components used 
in the transmitter station, shown by the input line for equipment specific settings. These include 
the type(s) of channel elements ("CE") and their corresponding signal processing gain that are 
used in the base station implementing the present invention. A table lookup can be used to get 
the CE signal processing gain for rms counts/dgu for the specific CE type (dgu = digital gain 
unit). When two or more types of CE are used, the greatest CE signal processing gain is used. 
Typically channel elements are designed with a gain in the range of 0.9 to 1.1 rms counts/dgu. 
One known channel element has gain of 1.0597 rms counts/dgu. A second known channel 
element has a gain of 1.0478 rms counts/dgu. 

Another equipment specific setting which the Controller 40 must consider is the 
maximum allowed 10-minute average power and the maximum allowed 2-second average power 
overshoot. Typically, the maximum allowed 10-minute average power is 77760 dgu 2 (digital 
gain units squared), while the maximum allowed 2-second average power overshoot is ldB to 
3dB, depending on the specific overload control algorithm used. 

The Controller 40 also considers the constraining peak-to-average ratio set-point, which 
is typically 6 to 9 dB. The radio can be designed to have lower analog gain to take advantage of 
the present invention. This radio-inherent analog gain savings is taken into account by 
Controller 40. This value is approximately 9dB, but may fall between 0 to 12dB. 

As explained in more detail below, the size of the DAC is an important factor for the 
Controller 40 to consider. DACs have capacities between 10 and 16 bits, with a typical size of 
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12 bits. Lastly, the Controller 40 may consider the customer set analog gain reduction parameter, 
which are typically adjustable in increments of 0.1 dB. 

The digital gain is selected so that the peak values, constrained as mentioned below, will be 
represented as the maximum input that can be received by DACs 60 and 65, respectively. To achieve 
this objective it is necessary to account for losses in power arising in the various components. Those 
losses can be estimated also using the equipment specific settings and known calculation methods. 

Using the equipment specific settings, Controller 40 computes the following. First, 
Controller 40 calculates the maximum expected I or Q output of Combiner 10. For example, 
using typical values, I-max is calculated as equal to (1.0597 rms counts/dgu) * (i0 3dB/1 ° * 77760 
dgu 2 ) 0 5 / (2) 0 5 . This equals 295 rms counts. Note that for this calculation Controller 40 
considers the maximum allowed 10-minute average power (77760 dgu 2 ), the maximum allowed 
2-second average power overshoot (3dB) and the CE signal processing gain (1.0597 rms 
counts/dgu). The (2) 0 5 factor converts the total signal into its quadrature components of I and Q. 
Thus the maximum Q value is set to equal the maximum I value. 

Using the maximum I and Q values, Controller 40 calculates the desired digital gain for a 
particular D/A converter of a particular capacity. For the case of a 12 bit D/A converter, the 
desired digital gain for each quadrature component is computed as 2 (12_1) -1 / (295 * 10 8dB/2 °). For 
this calculation, the controller 40 considers the maximum expected I and Q outputs (295), the 
constraining peak-to-average ratio set-point (8dB) and the size of the D/A converter (12 bits). 
For this example, that number is 2.76. This represents the desired digital gain scaling factor. 

Next, Controller 40 computes the closest analog gain reduction setting based on the 
analog gain savings designed in the specific radio used by the base station, the current analog 
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gain reduction setting of the base station and the desired digital gain computed in the prior step. 
Using typical values: -9dB (analog gain savings of radio); 3dB (current analog gain reduction); 
and 8.8dB (the closest allowed analog gain reduction desired digital gain 2.76, computed as 20 
log 10 2.76 rounded to the nearest tenth), the actual analog gain reduction is -9dB + 3dB + 8.8 dB 
= 2.8dB. This 2.8dB analog gain reduction is sent to radio 70. 

Finally, the actual digital gain is computed by Controller 40 using the allowed analog 
gain reduction of 8.8dB. Thus the actual digital gain for each of the I and Q components is 
10 s 8dB/20 , which equals 2.75. This 2.75 multiplier is the actual scaling factor sent to each of 
multipliers 20 and 22. 

Peak to rms ratio reducers 30 and 32 constrain the peaks using any known method, including 
those described above, to constrain the peaks to the maximum power that the transmitter will tolerate. In 
accordance with the present invention peak to rms ratio reducers 30 and 32 will constrain the peak 
signals, which have been digitally amplified, to the full-scale range of DACs 60 and 65. The I and Q 
components are then separately converted to analog form by DACs 60 and 65, respectively. 

In accordance with the present invention digital amplification is realized by inputting the digital 
signal at the higher end of DACs 60 and 65. In one advantageous embodiment of the present invention, 
the two DACs may be implemented on a single integrated circuit component. 

Keeping the peak value constrained to the maximum power which the transmitter will tolerate 
and scaling the signal in accordance with the present invention will effectively raise the average power 
of the signal. Consequently, the peak-to-average ratio of the signal is reduced as compared with the 
same signal without digital amplification, thus less headroom is needed by radio 70 and RF amplifier 80. 
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In addition, analog amplifier cost is further reduced since less analog amplification is needed 
for the digitally amplified signal. This is shown on Figure 1 and as explained above, analog gain 
reduction information is sent from Controller 40 to radio 70. This data is inversely proportional to the 
digital gain boost, but need only be set once. Lastly, with the method of the present invention it is easier 
for a mobile station to identify its signal transmitted in accordance with the present invention, from the 
noise because finer distinctions in power level are available. 

As stated above, the digital gain is realized by applying a different multiplying factor to 
multipliers 20 and 22. By multiplying the digital signal input to the DAC by this factor, the 
digital signal is brought to operate on the higher end of the DAC and the per bit resolution is 
increased. To further explain the idea of moving the signal to the high end of the DAC, consider 
a DAC that can receive x bits at its input. Typically, the peak signal will have a value less than 
the binary value that can be presented by these x bits. In other words, transmitters typically use 
DACs that can receive an input value greater than the peak signal. Digital gain is introduced by 
scaling the input signal so that the peak value is represented by all x bits in their "on" state, i.e. 
the maximum value that can be input to the DAC. 

As a second example of the present invention and given the embodiment shown in Figure 
1, we consider a 40 channel CDMA base station. In this example the highest expected CDMA I 
or Q Peak value will be 1019 counts for a full average power output. This peak value has a 
probability of occurrence of not more than lxl 0" 4 . However, a typical 12 bit DAC could 
theoretically handle peak values up to (2 12_1 - 1), or 2047 counts, where one count represents 
1/2047 of the DAC full scale output voltage. Since in this example, however a signal will 
probabilistically not peak above +/- 1019 counts, the DAC may be scaled by a factor of 2 (i.e. 
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2047/(1019). Using this scale all signal values will be increased by a factor of two. 
Consequently, to the extent the range of values prior to scaling was not 0-4095, after scaling the 
operating range of the DAC will move up to the more significant bits. Thus 1019 will require the 
12th bit. 

In one preferred embodiment of the present invention digital gain is computed as (2 vl - 
l)/peak voltage of the signal. In other words, for a 12 bit DAC, a peak value of 1(H9 is assigned 
the binary number of 1 1 1 1,1 1 1 1,1 1 1 1, which ordinarily has a value of 2047 (2 121 -1). The new 
scale factor can be determined at algorithm design time, so the maximum output value just fits in 
the available bits. Alternatively, the gain can be adjusted periodically where it is determined that 
the maximum peak is below the tolerance limit of the transmitter. 

In whatever manner the gain is computed, the effect is to raise the average signal without 
changing the peak. This digital gain allows the analog gain to be reduced downstream. Lower analog 
gain downstream restores the expected peak and average input voltage to the RF power amplifier. 
Accordingly, the higher DAC utilization and lower analog gain increase performance. Furthermore, it 
should be noted that the scaling is simply an accounting change. The form of the hardware, firmware, or 
software is not effected by the implementation of the present invention. 

As for the greater granularity introduced by the digital gain, consider for example a peak power 
level of 1023. This can be expressed with ten (10) bits. 2 10 - 1 = 1023. With ten (10) bits, the power 
resolution per step is 1 since there are 1024 combinations of 10 zeros and ones. Thus, one could only 
distinguish between two signals with a 1 count difference. If, however, a twelve (12) bit digital to 
analog converter is used to express the same peak power, then the resolution per step is 0.25. This is 
arrived at by dividing 4095 (2 12 -1) from 1023. In other words one can now distinguish between two 
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signals, or a signal and noise, if there is a difference of 0.25 between them. Accordingly, while prior art 

systems use analog gain to boost a signal so that it can be detected over noise, this need is reduced with 

the greater granularity achieved with digital gain. 

It should be noted that the choice of a twelve (12) bit DAC in the above example is merely 

illustrative. Larger DACs may be selected as well, such as a sixteen (16) bit DAC. Indeed, the 

importance of the present invention increases with larger DACs since additional headroom in the radio 

and RF amplifier will be required. 

To illustrate this further, Figs. 2A and 2B set forth the eight possible combinations of three bits. 

As shown in Figure 2A, the binary values for these three bits range from 0 to 7, with a unit step size. 
However, when a number, i.e. 5, smaller than the maximum binary value represented by the bits, i.e. 7, 
is spread over the range of combinations the incremental step size decreased to approximately .714. 

The calculation of digital gain and analog gain reduction was discussed above in 
connection with the Controller 40. One can also consider the present invention from the 
perspective of the savings in analog amplification as follows. Consider a CDMA transmitter 
using a 12 bit DAC for each of the I and Q paths, as shown in Figure 1. CDMA transmitters 
tolerate peak power out of Combiner 10 of 77760 dgu 2 's of power. This corresponds to 295 rms, 
since the root mean square voltage ("rms") is related to dgu by a factor of 1 .0597, ((77760)" 2 
* 1.0597) = 295. The typical peak-to-average ratio of a 40 channel CDMA base station using 
these values is 10.8 dB (20*log (1019/295)). Analog amplifiers, however are constrained by 
peak-to-average ratios of 8dB. Anything greater results in signal compression and even 
saturation and the introduction of non-linear noise and out-of-band spectral growth. By applying 
digital gain in accordance with the present invention our peak-to-average ratio can be decreased, 

138057 n 



such that at the radio there is a reduction of as much as 7dB (from 13dB to 6dB) and analog path 
gain can be reduced as much as 12dB. Thus not only do we prevent saturation of the analog 
amplifiers, we do not need as much analog amplification and we also realize finer granularity, as 
explained above. 

Lastly, it should be pointed out that base stations typically requires 1 1-13 dB of 
headroom. The same station, however, applying the method of the present invention can reduce 
the required headroom to 6-9dB. To illustrate the significant reduction in amplifier size, consider 
that a 65 Watt amplifier is required to handle an 8 Watt average signal with 9dB of headroom. 
By decreasing the headroom to 8dB, the size of the amplifier may be reduced to 50Watts. 

The foregoing merely illustrates the principles of the present invention. Those skilled in 
the art will be able to devise various modifications, which although not explicitly described or 
shown herein, embody the principles of the invention and are thus within its spirit and scope. 
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WHAT IS CLAIMED IS: 



1 LA wireless base station transmitter comprising a digital front end and an analog back end, 

2 said digital end and analog end connected through at least one digital-to-analog converter having 

3 a full scale range, said base station transmitter comprising: 

4 at least one multiplier in the digital stream before said at least one digital-to- 

5 analog converter for introducing digital gain to a signal by scaling the digital 

6 representation of said signal to the full scale range of said at least one digital-to-analog 

7 converter. 

1 2. The wireless base station transmitter of claim 1, further comprising at least one peak-to-rms 

2 ratio reducer before said at least one digital-to-analog converter, for constraining the signal peaks 

3 of said signal with digital gain, to a level that does not exceed the maximum power tolerances of 

4 said base station transmitter. 

1 3. The wireless base station transmitter of claim 1 wherein said digital representation of said 

2 signal to be transmitted comprises I and Q components and said I component is input into a first 

3 digital-to-analog converter and said Q component is input into a second digital-to-analog 

4 converter, wherein said at least one multiplier comprises: 

5 at least one first multiplier in the digital stream before said first digital-to-analog 

6 converter for introducing digital gain to said I component by scaling the digital 

7 representation of said I component to the full capacity of said first digital-to-analog 

8 converter; and 
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9 at least one second multiplier in the digital stream before said second digital-to- 

10 analog converter for introducing digital gain to said Q component by scaling the digital 

11 representation of said Q component to the full capacity of said second digital-to-analog 

12 converter. 

1 4. The wireless base station transmitter of claim 3, further comprising: 

2 at least one first peak-to-rms ratio reducer for constraining the signal peaks of said I 

3 component of said signal with said digital gain, to a level that does not exceed the maximum 

4 power tolerances of said base station transmitter; and 

5 at least one second peak-to-rms ratio reducer for constraining the signal peaks of said Q 

6 component of said signal with said digital gain, to a level that does not exceed the maximum 

7 power tolerances of said base station transmitter. 

1 5. The wireless base station transmitter of claim 1 wherein said transmitter is a Code Division 

2 Multiple Access transmitter. 

1 6. A method for transmitting a radio frequency signal from a base station transmitter comprising 

2 a digital end and an analog end, wherein said signal is to be amplified prior to transmission, said 

3 method comprising the steps of: 

4 applying digital gain to the radio frequency signal at said digital end of said base 

5 station transmitter; 

6 converting said radio frequency signal with said digital gain, into analog form; 

7 and 

8 transmitting said analog radio frequency signal. 
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1 7. The method of claim 6 wherein said radio frequency signal comprises an I component and a 

2 Q component and where said step of applying digital gain is separately applied to said I and Q 

3 components. 

1 8. The method of claim 6 further comprising the step of constraining said signal with said 

2 digital gain such that peak values of said signal with said digital gain are limited by the 

3 maximum power tolerance of said base station transmitter. 

1 9. The method of claim 8 wherein said radio frequency signal comprises an I component and a 

2 Q component and wherein said constraining step is separately applied to said I and Q 

3 components. 

1 10. The method of claim 6 wherein said converting step is performed with at least one digital-to 

2 analog converter having x bit input lines and wherein said step of applying digital gain further 

3 comprises the step of multiplying said digital representation of said voltage of said radio 

4 frequency signal by a factor equal to (2 x l - 1)/ (the peak voltage value of said radio frequency 

5 signal). 

1 11. A method for computing an analog gain reduction in a base station in which digital gain 

2 is applied to a signal to be transmitted, said method comprising the steps of: 

3 receiving specific equipment settings of at least one or more components of said base 

4 station; 

5 using at least one of said specific settings, computing a maximum expected value of said 

6 signal; 

7 using said computed maximum expected values, computing a desired digital gain 

8 "e"; and 
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9 using said computed desired digital gain, computing a closest analog gain reduction 

10 setting "f \ 

1 1 2. The method of claim 1 1 wherein said signal comprises as I component and a Q 

2 component and wherein said step of computing a maximum expected value of said signal further 

3 comprises computing a maximum expected value of each of said I and Q components of said 

4 signal 



1 13. The method of claim 12 wherein said specific equipment settings comprise one or more 

2 of the following: 

3 a signal processing gain "c" for root mean square counts to digital gain units 

4 appropriate for one or more channel elements used by said base station, each of said 

5 channel elements to support at least one call; 

6 a maximum allowed ten-minute average power for said signal, "x"; 

7 a maximum allowed two-second average power overshoot for said signal, "y"; 

8 a constraining peak-to-average ratio set-point for said base station "a"; 

9 an analog gain reduction designed in a radio component of said base station "r"; 

10 the bit size capacity "b" of one or more digital-to-analog converters of said base 

1 1 station; 

12 an analog gain reduction for adjusting the base station coverage footprint; and 

13 an allowed analog-to-gain reduction increment. 

1 14. The method of claim 13 wherein each of said maximum expected values are computed as 

2 c * ((10 y/10 )*(x)) 1/2 / 2 1/2 , where y is measured in dB and x is measured in digital gain units 

3 squared. 
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1 15. The method of claim 14 wherein said I and Q components of said signal are computed as 

2 having said maximum expected value. 

1 16. The method of claim 1 3 wherein said desired digital gain for each of said I and Q 

2 components are calculated as (2 b l - ly^nO 3720 ), wherein a is measured in dB. 
1 17. The method of claim 16 wherein b equals 12. 

1 18. The method of claim 1 3 further comprising the step of determining the current analog 

2 gain reduction setting of said base station, said current analog gain reduction setting of said base 

3 station being designated as "d'\ wherein said closest analog gain reduction setting is computed as 

4 g = _ r + d + 20*log 10 "e" rounded off to the nearest allowed analog gain reduction increment. 

1 19. The method of claim 1 2 further comprising the step of computing the actual digital gain 

2 for each I and Q components of said signal, using said closest analog gain reduction setting. 

1 20. The method of claim 19 wherein said actual digital gain is computed as 10 f/20 , where "f ' 

2 i s measured in dB . 
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ABSTRACT 

An improved method for transmitting a signal from a wireless base station applies digital 
path gain to the signal before input to the digital-to-analog converter. Thereafter, using any 
known method for reducing the peak to average ratio the signal peaks are constrained by the 
maximum power that the transmitter can tolerate. This effectively increases the root mean square 
voltage of the signal while maintaining the peak voltage. As a result the peak to rms ratio is 
reduced. By reducing the peak to rms ratio at the digital end of the transmitter analog 
amplification headroom can be reduced, thus reducing cost and size of the radio and RF 
amplifier. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 
my name. 

I believe I am an original, first and joint inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entitled IMPROVED 
METHOD AND APPARATUS FOR PEAK TO AVERAGE SIGNAL REDUCTION 
FOR RADIO FREQUENCY TRANSMITTERS the specification of which is attached 
hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by an amendment, if any, 
specifically referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is 
material to patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim the benefit under Title 35, United States Code, 119(e) of any 
United States provisional application(s) identified below: 

None 

I hereby claim foreign priority benefits under Title 35, United States Code, 
119 of any foreign application(s) for patent or inventor's certificate listed below and 
have also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any 
United States application(s) listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of Title 35, United States Code, 1 12, I 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56 which 
became available between the filing date of the prior application and the national or 
PCT international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
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and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 



I hereby appoint the following attorney(s) with full power of substitution and 
revocation, to prosecute said application, to make alterations and amendments 
therein, to receive the patent, and to transact all business in the Patent and 
Trademark Office connected therewith: 



Lester H. Birnbaum (Reg. No. 25830) 

Richard J. Botos (Reg. No. 32016) 

Jeffery J. Brosemer (Reg. No. 36096) 

Kenneth M. Brown (Reg. No. 37590) 

Craig J. Cox (Reg. No. 39643) 

Donald P. Dinella (Reg. No. 39961) 

Guy Eriksen (Reg. No. 41736) 

Martin I. Finston (Reg. No. 31613) 

James H. Fox (Reg. No. 29379) 

William S. Francos (Reg. No. 38456) 

Barry H. Freedman (Reg. No. 26166) 

Julio A. Garceran (Reg. No. 37138) 

Mony R. Ghose (Reg. No. 38159) 

Jimmy Goo (Reg. No. 36528) 

Anthony Grillo (Reg. No. 36535) 

Stephen M. Gurey (Reg. No. 27336) 

John M. Harman (Reg. No. 38173) 
Michael B. Johannesen (Reg. No. 35557) 

Mark A. Kurisko (Reg. No. 38944) 

Irena Lager (Reg. No. 39260) 
Christopher N. Malvone (Reg. No. 34866) 

Scott W. McLellan (Reg. No. 30776) 

Martin G. Meder (Reg. No. 34674) 

John C. Moran (Reg. No. 30782) 

Michael A. Morra (Reg. No. 28975) 

Gregory J. Murgia (Reg. No. 41209) 

Claude R. Narcisse (Reg. No. 38979) 

Joseph J. Opalach (Reg. No. 36229) 

Neil R. Ormos (Reg. No. 35309) 

Eugen E. Pacher (Reg. No. 29964) 

Jack R. Penrod (Reg. No. 31864) 

Daniel J. Piotrowski (Reg. No. 42079) 

Gregory C. Ranieri (Reg. No. 29695) 

Scott J. Rittman (Reg. No. 39010) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 
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Ronald D. Slusky 
David L. Smith 
Patricia A. Verlangieri 
John P. Veschi 
David Volejnicek 
Charles L. Warren 
Jeffrey M. Weinick 
Eli Weiss 



(Reg. No. 26585) 
(Reg. No. 30592) 
(Reg. No. 42201) 
(Reg. No. 39058) 
(Reg. No. 29355) 
(Reg. No. 27407) 
(Reg. No. 36304) 
(Reg. No. 17765) 



I hereby appoint the attorney(s) on ATTACHMENT A as associate attorney(s) 
in the aforementioned application, with full power solely to prosecute said 
application, to make alterations and amendments therein, to receive the patent, and 
to transact all business in the Patent and Trademark Office connected with the 
prosecution of said application. No other powers are granted to such associate 
attorney(s) and such associate attorney(s) are specifically denied any power of 
substitution or revocation. 



Full name of first joint inventor: EDWARD ELLIS EIBLING 

Inventor's v / / 

signature^ ZcLusxn^ Zm^ZMTj Dat e 

Residence: 1 38 Woodland Avenue 

Convent Station, New Jersey 07961 

Citizenship: USA 

Post Office Address: same as above 



Full name ottbtrd joint inventor: RULON GJVAN DYKE 
signature_ 

fftJIL Dat e q/IS/ZCO O 

Residence: 16 Farmingdale Road 

Parsippany, New Jersey 07054 

Citizenship: USA 

Post Office Address: same as above 
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ATTACHMENT A 

Attorney Name(s): Maxim H. Waldbaum Reg. No.: 26,244 

MeirY. Blonder 40.517 

Telephone calls should be made to Meir Y. Blonder at: 
Telephone No.: 212-326-0478 
Fax No.: 212-326-0806 

All written communications are to be addressed to: 
Meir Y. Blonder, Esq. 

PRYOR CASHMAN SHERMAN & FLYNN LLP 

410 Park Avenue 

New York, New York 1 0022-4441 
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